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The Crystal Structure of Diazoaminobenzene Copper (I) 
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Crystals of diazoaminobenzene copper(I) are monoelinic, space group C~h(I2/a) with 

a=16.00,  b=5.61, c=24.01/~;  f l=99°20 '. 

The structure has been determined by standard X-ray diffraction methods and refined by least- 
squares analysis of the three-dimensional intensity data  (R = 0.09). 

The crystal contains discrete, centrosymmetric, approximately planar, dimeric molecules in which 
pairs of diazoamino groups are linked through linearly coordinated copper atoms to form an eight- 
membered ring (N-Cu, 1.90, 1"94 A). The trans-annular Cu-Cu separation, 2.45 A, is unusually small. 

Introduct ion  

Diazoaminobenzene copper (I), 

(C6Hs-N = N-N-C6Hs) -Cu +, 

hereinafter  referred to as DAB.Cu( I ) ,  is one of a 
series of stable complexes formed between diazo- 
aminobenzene and t ransi t ion metals  (Dwyer~ 1941). 
Lit t le direct evidence from which a convincing struc- 
ture could be proposed for DAB.Cu( I )  has hi therto 
been available,  a l though Meunier & Rigot  (1900), who 
first prepared  the compound, Dwyer  (1941), and 
recently Harris ,  Hoskins & Mart in (1959), have 
suggested possible atomic arrangements .  The present 
paper,  which describes the determinat ion of its crystal  
s t ructure,  forms par t  of a wider s tudy of compounds 

* Present address: Department of Metallurgy and Metal- 
lurgical Engineering, Hamilton College, McMaater University, 
Hamilton, Ontario, Canada. 

containing copper(I) and azo groups (Brown & Dunitz ,  
1960). 

C r y s t a l  data 

Diazoaminobenzene copper(I), C12H10NsCu. 
Monoclinic, 

a = 1 6 . 0 0 + 0 . 0 5 ,  b=5.61  +0-05, c=24.01 + 0 . 0 5 / ~ :  
8 = 9 9  ° s0' ± 11'. 

Volume of uni t  cell = 2127/~3. 
Densi ty  (measured) = 1-65 _+ 0"03 g.cm.-3. 
Densi ty  (calculated) = 1.62 f 0.03 g.cm. -3. 
Eight  formula units per unit  cell. 
Systemat ic  absences" hkl if h +  k +  1 is odd, 

hO1 if h or 1 is odd. 

Space group:  C~(Ia) or C~h(I2/a). The analysis  leads 
to a s t ructure  based on the lat ter ,  centrosymmetr ic ,  
space group which is conventionally described in 
terms of the orientat ion C2/c. 
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Absorpt ion coefficient for Cu K~  radia t ion = 
29.4 cm. -1. 

Experimental 
D A B .  Cu(I), prepared  by  the action of cuprous chloride 
on diazoaminobenzene (Meunier, 1900), is insoluble in 
water  and most  common organic solvents, bu t  can be 
dissolved with difficulty in benzene. Crystals suit- 
able for X - r a y  analysis,  measur ing approx imate ly  
1 mm. × 0.2 mm. × 0.05 mm.,  were grown from a mix- 
ture  of benzene and  petroleum ether. Their  densi ty  
was measured by  f lotat ion in a mix ture  of bromoform 
and chloroform. Cell dimensions were determined from 
oscillation photographs  about  the three principal axes 
and from a Weissenberg photograph  of the hO1 net. 
NaC1 powder (a0=5.640 ~)  was used to cal ibrate the  
camera.  Copper K ~  radia t ion ( 2 =  1.542/~) was used 
throughout  the analysis.  

Visual in tensi ty  measurements  were made  with the 
aid of a cal ibrated intensi ty  scale on multiple-film, 
equi-inclination, Weissenberg photographs  of the five 
layers hO1 to h41. The intensities were mult ipl ied by  
the usual  Lorentz-polar izat ion factor  and brought  to 
a common scale by inter layer  comparisons on equi- 
inclination oscillation photographs,  and,  subsequently,  
by measurements  made  with the single-crystal counter 
d i f f ractometer  designed by  Arnd t  & Phillips (1957). 
No corrections were made  for absorption,  l~ough values 
for the absolute scale and t empera tu re  factors were 
obtained by  Wilson's (1942) method.  Out of the  950 
non-equivalent  reflexions which were examined,  612 
were recorded with measurable  intensity.  

Pa t t e r son  function computed with unmodif ied F 2 
values. The x and  z coordinates were then refined by 
six successive difference syntheses based on the  hOl 
da ta  alone. This reduced the  rel iabil i ty factor  R 
(X[Fo-F~I /XIFo])  for this zone from 0.25 to 0.12 
(observed reflexions only). 

Structure analysis 
Approximate  coordinates for all the  a toms (except 
hydrogen) were obtained from the three-dimensional  

Table 1. Final  atomic coordinates and standard 
deviations 

Atom x/a y/b z/c ~ (•) B 

Cu 0"0097 0 " 0 8 4 4  0 " 0 4 7 7  0"004 3"30 

N 1 0-0788 0 - 3 1 6 9  0"0200 / { 2.71 
N 2 0.0991 0 -3290  --0.0291 0.017 3.11 
N 3 0.0673 0.1618 -- 0.0648 2.62 

Cll 0 - 1 1 9 4  0.5130 0.0559 ] 3"41 
C12 0 . 1 6 4 2  0.6944 0.0343 [ 3.81 
C13 0 - 1 9 9 2  0.8826 0.0702 0.025 4.44 
C14 0.1894 0.8824 0.1268 [ 3.86 
C15 0 . 1 4 1 8  0.7019 0.1473 J 3.66 
C16 0.1051 0.5085 0.1121 3.94 

C21 0 - 0 8 8 4  0 . 1 8 9 7  --0.1185 jl I 3.32 C22 0.0600 0 . 0 1 6 9  --0.1588 3-79 
C23 0.0741 0 -0288  --0.2156 0.025 5-08 
C~4 0.1240 0 -2156  --0.2299 | 4.16 
C25 0.1560 0.3852 --0.1901 4.13 
C~6 0" 1369 0.3782 -- 0.1340 4.54 

The numbering of the atoms corresponds to that used in 
Fig. 2. All the coordinates, temperature factors (B) and 
standard deviations are based on the final round of least- 
squares analysis. 

4 
Carbon 

Nitrogen 

Copper 

Fig. 1. The final difference synthesis based on the hOl structure 
factors given in Table 3. Contours are drawn at ½ e.A -2, 
positive contours are shown with a full line, negative 
contours with a dotted line and the zero contour with a 
broken line. 

The x, y, and z coordinates and B, the isotropic 
t empera tu re  factor,  for each a tom were then  refined 
by six successive cycles of diagonal  least-squares 
analysis of the  complete three-dimensional  data .  
Equa l  weight was given to all reflexions, and un- 
observed reflexions were t rea ted  as A ] F = F m i n . - F c  
for Fc>Fmin.  and  as L J F = 0  for Fc<_Fmfn.. The 
atomic scat ter ing factors of Berghuis et al. (1955) 
were used; Cu values were corrected for dispersion 
(Dauben & Temple ton ,  1955). The leas t - squares  
ref inement  reduced R from 0.16 to 0.09 and 
• ( F o - F c ) 2 / X ( F o )  2 from 0-042 to 0.014. Since the 
shifts indicated by  the  final cycle are considerably 
less t han  the corresponding s t andard  deviations,  little 
advan tage  would be derived from fur ther  refinement.  
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Table  2. Interatomic distances and angles 

Intramoleeular distances and angles 

Between Distance a Mean value 

Cu-Cu' 2"451 A 0.008 A 2.451 A 

Cu-N~ 1-898 } 
Cu'-N 3 1"939 0.018 

N~-N 2 1-274 } 
N2-N 3 1-316 0.029 

N1-C n 1-48 [ 0.03 
N3-C21 1"39 

Cn-C~2 1"39 } 
C12-C13 1.42 
C~3-C~4 1-39 
C14-C15 1.40 0"04 
C~5-C~e 1"44 
C~-C~ 1.40 

Ce~-C~. 1"39 | 
C22-C23 1-42 
C23-C24 1"39 
C24-C25 1.39 0.04 
C25-C26 1-43 ,I 
C26-C21 1.40 ] 
C~e-C22 4"23 } 
C~1-C21 4-52 0.04 
C~2-C2e 4.37 

Angle 
Angles at copper 

Cu'-Cu-N1 86"0° / 
Cu'-Cu-N a 86.2 1-0 ° 

! N~-Cu-N a 171.8 1.0 

Angles at nitrogen 

Cu'-N3-C21 122" 2 

Cu-N~-N~ 127"6 } 
Cu'-N3-N ~ 124"2 

CI~-Nx-N 2 110"2 } / 
C21-N3-N 2 113"4 

N1-N~-N 3 115" 8 

1.92 _+ 0.02 

1.30 -+ 0.03 

1.44+0.04 

1.40-+0.02 

Mean value 

86-1 -+ 0.1 ° 

171.8 

122.2_+0.1 

125.9+ 1.7 
2-0 

111.8-+1.6 

115.8 

Table 2 (cont.) 

Intermolecular distances 

Contacts between parallel molecules related by b translation 
Between Distance 

Mean planes 3.23 A 
C~a-Cu(010) 3-20 
NI-N~(010) 3.27 

Cls-N~(010) 3-36 
Cl2-Cu(010) 3.36 
N1-N~(010) 3.51 
C~-N~(010) 3.54 
C~e-C~(010 ) 3-55 
Cn-~2(OlO) 3.56 
C15-C~2(010 ) 3-64 
C~-C~(010) 3"69 

Contacts between molecules related by glide planes 
Between Distance 

C12 -C;2(a ) 3"42 A 
C15 -C24(c) 3.81 
C23 -C23(c ) 3"87 
C25 -C~4(a) 3.87 
C25(010)-C~(a ) 3-89 
C26(010)-C~4(a ) 3.92 
C26 -C14(a ) 3-95 
C~¢(010)-C~3(a) 3.96 
C2e -C~a(a) 3-99 

The numbering of atoms is that used in Table 1. Atoms 
related by inversion through the origin are primed ('), those 
related by a and c glide planes are indicated by (a) and (c) 
respectively, while others are indicated by the appropriate 
lattice translation thus: (010). In each case the inversion 
operation is assumed to preceed the translation operation. 

The f inal  p a r a m e t e r s ,  t oge the r  wi th  the  s t a n d a r d  
devia t ions  der ived  f rom the  leas t - squares  analysis ,  are  
g iven in Table  1. 

A f inal  difference synthes is  based  on these  p a r a m -  
eters  is r ep roduced  in Fig.  1. The  hyd rogen  a toms ,  
which were neglec ted  t h r o u g h o u t  the  analysis ,  are  no t  
appa ren t .  The  t h e r m a l  an i so t ropy ,  which is especial ly 
ev iden t  for  the  copper  a tom,  m a y  be an  a r t i f ac t  
a t t r i b u t a b l e  to our neglect  of absorp t ion  errors.  

I n t e r a t o m i c  d is tances  a n d  angles,  based  on the  
coordinates  of Table  1, are  given in Table  2, t oge the r  
wi th  the  s t a n d a r d  devia t ions .  

Angles at carbon 
Nl-Cn-C12 122.0 
Na-C21-C2s 124.0 

N1-C~1-C16 114.9 
N3-C21-C22 117.7 

Cn-C12-C13 119.6 
C12-C13-C1a 119.7 
Cla-C~a-C15 119.7 
C14-C15-C16 122-0 
C15-C16-C11 115-8 
C16-Cll-C12 123.0 

C21-C22-C23 123.4 
C2~-C23-C~ 4 117-4 
C23-C24-C25 120.6 
C24-C25-C2s 121"3 
C25-C2e-C21 119"0 
C26-C21-C22 118- 3 

123.0_+ 1.0 

116.3_+1.4 

3.0 

120.0+2.1 

D e s c r i p t i o n  of  the  s t r u c t u r e  

D A B . C u ( I )  exists  in the  solid s t a te  in the  fo rm of 
cen t ro symmet r i c  d imeric  molecules (Fig. 2) in which 
the  d iazoaminobenzene  uni ts  (in all trans configura-  
~i0n) are linked by nearly linear N-Cu-N coordination 
to fo rm an e igh t -membered  ring.  To a f i rs t  a p p r o x i m a -  
t ion the  molecule can be descr ibed as p l a n a r  (see 
Table  4), wi th  poin t  s y m m e t r y  mmm. The two C u - N  
dis tances ,  1.898 a n d  1 .939/~ (both _+ 0.018 •), do no t  
differ  s ignif icant ly ,  nor  do the  N - N  dis tances ,  1-274 
a n d  1 .316/~ (both _+ 0-029/~).  The  difference be tween  
the  two C - N  dis tances,  1.48 a n d  1.39 A (both _+ 0-03/~),  
is poss ibly  signif icant .  The bond  lengths  a n d  angles  
found  in the  pheny l  groups  do no t  differ  s igni f icant ly  
f rom the  accep ted  values  of 1.39 /~ and  120 ° respec- 
t ively.  
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Fig. 2. The structure of DAB. Cu(I) in the molecular plane. 
The numbering of the atoms corresponds to that used in 
Table 1. The number in parentheses by each atom indicates 
its deviation, expressed in units of 10 -2 A, from the plane 
of the nitrogen atoms. 

D i s c u s s i o n  

In  a recent paper, Harris,  t toskins & Mart in (1959) 
have discussed the s tereochemistry of the  transit ion- 
meta l  diazoaminobenzene complexes. Our work estab- 
lishes the correctness of one of the two models which 
they  propose for DAB.  Cu(I). 

The results are not sufficiently accurate to permi t  
us to draw conclusions concerning bond orders, but  
the observed distances and  angles are quite compatible 
with an  electronic s tructure in which each ni trogen 
atom has a single electron in a ~-orbital  normal  to 
the molecular  plane and a pai r  of electrons in an  
sp~ a-orbital  in the molecular plane. The ~-orbitals of 
the nitrogen atoms are, of course, delocalised and  
mus t  also interact  to some extent  with the ~-orbital  
systems of the adjacenl~ phenyl  groups and  with the 
e m p t y  4 p - a  orbitals of the Cu(I) atoms. The addi- 
t ional  electron per diazoaminobenzene anion would 
then  be in such a delocalized ~-orbital  extending 
perhaps over the entire molecule. The unshared  pairs 
of electrons on the two te rmina l  ni t rogen atoms point  
in the direction of the copper atoms, as in the  cuprous 
ch lor ide ' azomethane  complex (Brown & Dunitz ,  
1960). In  both cases a dat ive a-bond is formed with 
electron t ransfer  from N to Cu +. The mean  N-Cu 
distance in the DAB.  Cu(I) dimer,  1.92 ± 0.03 A, 
appears to be shorter t han  the corresponding distance, 
1-99 ± 0.02 A, in the cuprous chloride :azomethane 
complex, and this m a y  be ascribed to the greater 
anionoid properties of the unshared  pairs in the 
negat ively  charged diazoaminobenzene ion compared 
with those of the neut ra l  azomethane molecule, or, if 
preferred, to the decrease in the coordination number  
of the copper from 4 to 2. 

The coordination around the copper a tom shows a 
number  of interest ing features. DAB.Cu(I )  is one of 
the few compounds in which Cu(I) is known to occur 
in l inear coordination (see also CueO, Bragg & Bragg 
(1915); CuFe02, Soller & Thompson (1935); CuCr02, 
Dannhauser  & Vaughan (1955)). But  in addi t ion  to 
its two l inear ly  coordinated nitrogen atoms, the copper 
a tom possesses a th i rd  close neighbour;  the Cu-Cu 
distance across the centre of symmet ry  is only 
2.45 +_0.02/~, shorter than  that ,  2.56 A, in metal l ic  
copper and that ,  2-64+_0.03 A, in the weakly para- 
magnet ic  cupric acetate complex (Niekerk & Schoen- 
ing, 1953) where a Cu-Cu bonding interact ion is known 
to occur. In  the present  case, where the shortness of 
the Cu-Cu separat ion is a consequence of the overall  
molecular geometry,  there seems no reason to invoke 
any  special type  of bonding between the copper atoms. 
Indeed,  for perfect ly l inear N - C u - N  coordination, the 
Cu-Cu distance would be the same as tha t  between 
the nitrogen atoms N1 and N3, 2.19 A, considerably 
less t han  the observed separation. The increase to 
2.45/~ is associated with a deviat ion of the N - C u - N  
system by about  8 ° from lineari ty.  In  addi t ion to the 
distort ion in the mean  molecular  plane, which can be 
seen in Fig. 2, there is also a small  out-of-plane 
component,  the Cu atoms lying 0-05 J~ on opposite 
sides of the plane of the nitrogen atoms. 

I 
C 

k 

_ W 

Fig. 3. The arrangement of the dimers viewed down the b axis 
showing the contacts between molecules related by the glide 
planes. 

The required crystal lographic s y m m e t r y  of the 
molecule is 1, but,  as has been mentioned,  the mole- 
cule approximates  quite closely to m m m  symmet ry .  
The par t icular  system of the six nitrogen atoms is 
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Table 3. The observed structure factors together with the structure factors calculated during the final round 
of least.squares analysis 

These values should be multiplied by 0.8 to place them on an absolute scale 
(The numbers following the asterisks are the values of h and k for the F's following) 
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exac t ly  coplanar  and  comes ve ry  close to the  h igher  are i nd i ca t ed  in Fig. 2 and  the  o r i en ta t ions  of the  
s y m m e t r y ,  t he  dev ia t ions  being insignif icant .  As we var ious  planes  of in te res t  are g iven  in Table  4. 
have  seen, t he  copper  a toms  are 0.05 A on opposi te  The crystal  as a whole  is of t he  molecu la r  type .  
sides of this  plane.  F u r t h e r  dev ia t ions  f rom p lana r i ty  The  molecules,  which  are inc l ined to the  (010) p lane  
occur a t  t he  pheny l  groups,  which are incl ined at  abou t  a t  abou t  55 °, are s t acked  in co lumns  a long the  b axis 
4 ° to the  p lane  of t he  n i t rogen  a toms.  These  dev ia t ions  in such a way tha t  the  separa t ion  be tween  the  m e a n  
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Table 4. Equations of the best planes through the dimer 
and through the individual rings 

Expressed in the form ax" + by" + cz' + d = 0 where 
x ' = x + z . c o s  fl; y ' = y ;  z '=z . s in  fl; x, y, and z in A 

Plane a b c d 
A. Whole molecule +0.7705 --0-5698 +0-2856 0 

B. Central ring 
(N atoms only) + 0.7535 - 0.5814 + 0.3067 0 

C. Phenyl group I 
(Cll-C16) +0.8110 --0.5296 +0.2485 --0.1652 

D. Phenyl  group II  
(C21-C26) + 0-7948 --0.5431 + 0.2705 -- 0.1602 

Angles between planes 
B C D 

A 1.9 ° 3.9 ° 2.4 ° 
B - -  5.6 3.9 
C - -  - -  1.9 

Deviations of atoms from these planes 

A B 
Cu +0.029 A +0.048 

N 1 + 0.034 + 0.003 
N~ + 0"060 -- 0-004 
N a + 0-068 + 0.003 

C n +0.042 +0.008 
C1~ -- 0-066 -- 0-137 
C13 --0.101 --0.173 
C14 -- 0.008 -- 0-045 
C15 + 0.059 + 0-058 
CI~ + 0-092 + 0.094 

C21 + 0"037 -- 0.066 
C~ + 0.088 -- 0.020 
C2a +0.009 --0.135 
C24 -- 0.026 -- 0.204 
C25 -- 0"024 -- 0-199 
C~6 --0-026 --0-164 

C 
A 

- 0.030 A 

+0"013 
- -  0" 004 
--0.011 
+0.017 
- -  0.008 
+ 0.006 

- 0.012 A 

-- 0.007 
+ 0-025 
- -  0.020 
- -  0.002 
+ 0.020 
--0.016 

planes of adjacent molecules is 3.23 A. The columns 
are related to each other by the crystallographic glide 
planes as is shown in Fig. 3. Each molecule forms 70 
van der Waals contacts with its neighbours: forty of 
these occur between parallel molecules within the 
columns, while the remainder are formed through the 
hych'ogen atoms of the phenyl groups to molecules in 
neighbouring columns. In the former case, the contact 
distances, given in Table 2, are seen to lie between 

3.2 and 3-7 A whilst in the latter, because of the 
hydrogen atoms of the phenyl groups, the distances 
between carbon atoms are found for the most part in 
the range 3.8 to 4-0/~. Since the carbon-carbon dis- 
tances between different phenyl groups within the 
same molecule are all greater than 4.2 A, there is no 
tendency towards overcrowding within the molecule. 
The temperature factors, listed in Table 1, indicate 
that  the atoms at the perimeter of the molecule 
possess a larger amplitude of vibration than those at 
the centre. 
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